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(57) ABSTRACT

A method of processing a superhydrophobic surface and a
solid body having the superhydrophobic surface processed by
the method are provided. The method includes orienting a
spray nozzle of a particle sprayer toward a surface of a metal
body, operating the particle sprayer to forming micro-scale
protrusions and depressions on the surface of the metal body
by spraying particles to the surface of the metal body, forming
a plurality of nano-scale holes on the surface of the metal
body by treating the metal body through an anodic oxidation
process, forming a replica by immersing the metal body in a
non-wetting polymer material and soliditying the non-wet-
ting polymer material, and forming a superhydrophobic dual-
scaled surface structure having nano-scale pillars formed on
micro-scale protrusions and depressions by removing the
metal body and an anodic oxide from the replica.
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METHOD FOR FABRICATING
SUPERHYDROPHOBIC SURFACE AND
SOLID HAVING SUPERHYDROPHOBIC
SURFACE STRUCTURE BY THE SAME

METHOD

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present mvention relates to a method of pro-
cessing a superhydrophobic surface and a solid body having
the superhydrophobic surface processed by the method. More
particularly, the present invention relates to a surface process-
ing method using a surface treatment of a metal body, a
replication process, and a polymer sticking phenomenon, and
to a solid body having a surface processed by the surface
processing method.

[0003] (b) Description of the Related Art

[0004] Generally, a surface of a solid body formed of metal
or polymer has inherent surface energy. The inherent surface
energy 1s represented as a contact angle between liquid and a
surface of a solid body when the liquid contacts the surface of
the solid body. When the contact angle 1s less than 90°, a
spherical drop of liquud loses 1ts shape to change 1nto hydro-
philicity wetting the surface of the solid body. When the
contact angle 1s greater than 90°, the spherical drop maintains
its spherical shape to have hydrophobicity that does not wet
the solid body but easily tlows. The hydrophobicity of the
drop can be noted from a case where a drop of water falling on

a lotus leat does not wet the lotus leaf but flows along a surface
of the leaf.

[0005] Meanwhile, the inherent contact angle of the surface
of the solid body may be varied by processing the surface such
that the surface has protrusions and depressions. That 1s, the
hydrophilicity of the surface having the contact angle less
than 90° may be further enhanced through a surface treatment
process. Likewise, the hydrophobicity of the surface having
the contact angle greater than 90° may be also further
enhanced through the surface treatment process. The hydro-
phobicity surface of the solid body may be used for a variety
of following applications. That 1s, the hydrophobicity surface
can be applied to a condenser of an air conditioning system to
enhance the condensing efficiency. When the hydrophobicity
surface1s applied to a drink can, the residue can be completely
removed from the can and thus the recycling process of the
can may be simplified. Further, when the hydrophobicity
surface 1s applied to a window glass of a vehicle, 1t can
prevent the window glass from being steamed up when there
1s a difference between an indoor temperature and an outdoor
temperature. When the hydrophobicity surface 1s applied a
ship, the ship can show a higher impellent force using the
same power. Furthermore, when the hydrophobicity surface
1s applied to a dish antenna, i1t can prevent snow from covering
a surface of the dish antenna. When the hydrophobic surface
1s applied to a water supply pipe, the water tlow rate can be
improved.

[0006] However, atechnology for varying the contactangle
of the surface of the solid body 1n response to a specific
purpose has been depending on a microelectromechanical
system (MEMS) process applying a semiconductor fabrica-
tion technology. Therefore, this technology 1s generally used
for a method for forming micro- or nano-scaled protrusions
and depressions on the surface of the solid body. The MEMS

process 1s an advanced mechanical engineering technology
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applying the semiconductor technology. However, the appa-
ratus used for the semiconductor process 1s very expensive.
[0007] In order to form the nano-scaled protrusions and
depressions on a surface of a solid metal body, a variety of
processes, which cannot be performed under a normal work-
ing environment, such as a process for oxidizing the metal
surface, a process for applying a constant temperature and a
constant voltage, and a process for oxidizing and etching
using a special solution, must be performed. That 1s, 1n order
to such processes, a specifically designed clean room 1s
required and a variety of expensive apparatus for performing
the processes are necessary.

[0008] Furthermore, due to a limitation of the semiconduc-
tor process, a large surface cannot be processed at once. As
described above, according to the conventional technology,
the process 1s very complicated and 1t 1s difficult to mass-
produce the products. Furthermore, the cost for producing the
products 1s very high. Therefore, 1t 1s difficult to apply the
conventional technology.

[0009] The above information disclosed in this Back-
ground section 1s only for enhancement of understanding of
the background of the invention and therefore 1t may contain
information that does not form the prior art that 1s already
known 1n this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0010] Exemplary embodiments of the present invention
provide a method for processing a superhydrophobic surface,
which can reduce the processing cost by mass-produce-pro-
cessing the hydrophobic surface through a simple process.
[0011] Exemplary embodiments of the present mvention
also provide a solid body having a superhydrophobic surface
that 1s replicatedfrom a metal body nano-scale holes through
the superhydrophobic surface processing method.

[0012] In an exemplary embodiment of the present mven-
tion, a method of processing a superhydrophobic surface
includes 1) orienting a spray nozzle of a particle sprayer
toward a surface of a metal body, 11) operating the particle
sprayer to forming micro-scale protrusions and depressions
on the surface of the metal body by spraying particles to the
surface of the metal body, 11) forming a plurality of nano-
scale holes on the surface of the metal body by treating the
metal body through an anodic oxidation process, 1v) forming
a replica by immersing the metal body 1n a non-wetting poly-
mer material and solidifying the non-wetting polymer mate-
rial, and v) forming a superhydrophobic dual-scale surface
structure having nano-scale pillars formed on micro-scale
protrusions and depressions by removing the metal body and
an anodic oxide from the replica.

[0013] The diameter of the particle used for particle sprayer
1s 1n the range from 350 um to 180 um.

[0014] The diameter of the nano-scale hole 1s 1n the range
from 35 nm to 200 nm.

[0015] Theaspectratio of the nano-scale hole may be in the
range from 3 to 10, more preferably, in therange from 5to 7.5.
[0016] The non-wetting polymer material may be selected
from the group consisting of PTFE (Polytetrahluorethylene),
FEP (Fluorinated ethylene propylene copoymer), PFA (Per-
fluoroalkoxy), and a combination thereof.

[0017] The metal body may be formed of an aluminum or
aluminum alloy.

[0018] The solid body may be formed of metal or polymer.

[0019] The particle sprayer may be a sand blaster spraying
sand particles.
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[0020] Alternatively, the particle sprayer may be designed
to spray metal particles.

[0021] In another exemplary embodiment of the present
invention, a solid body having a hydrophobic dual-scaled
surface having both nanostructure and microstructure
thereon, includes a base formed on a surface of the solid body
and provided with micro-scale protrusions and depressions
and a plurality of pillars each having a nano-scale diameter
and provided along the micro-scale protrusions and depres-
s1ons formed on the base.

[0022] The diameter of the nano-scale pillar 1s 1n the range
from 335 nm to 200 nm.

[0023] The aspect ratio of the nano-scale pillar may be 1n
the range from 3 to 10, more preferably, in the range from 3 to
7.5.

[0024] The ratio of diameter of the micro-scale protrusions

and depressions to the nano-scale pillars 1s 1n the range from
250 to 5140.

[0025] The protrusions each having the nanometer-sized
diameter may be formed of a non-wetting polymer material.
[0026] The non-wetting polymer material may be selected
from the group consisting of PTFE (Polytetrahluorethylene),

FEP (Fluorninated ethylene propylene copoymer), PFA (Per-
fluoroalkoxy), and a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 11s a schematic view of a particle sprayer of a
hydrophobic surface processing apparatus according to an
exemplary embodiment of the present invention.

[0028] FIG. 2 1s a schematic view of a metal body having
micro-scale protrusions and depressions.

[0029] FIG. 31s aschematic diagram of an anodic oxidation
apparatus, 1llustrating an anodic oxidation process.

[0030] FIG. 4 shows top plan view and sectional views
illustrating a state before and after an anodic oxidation pro-
cess 1s performed.

[0031] FIG. 5 1s an scanming electron microscope (SEM)
image ol a surface of a metal body that 1s provided with
nano-scale holes formed through an anodic oxidation pro-
CEeSS.

[0032] FIGS. 6A and 66 are SEM 1mages of a solid body
having a superhydrophobic surface that 1s formed using a
sticking phenomenon by van der Waals’ force.

[0033] FIG. 7 1s a schematic view of a replication appara-
tus.

[0034] FIG. 8 1s a sectional view taken along VI-VI1 of FIG.
7.

[0035] FIGS. 9A through 9D are views illustrating a

method of processing a superhydrophobic surface.

[0036] FIGS.10A and 10B are SEM 1mages of a solid body
having a superhydrophobic surface.

[0037] FIG.11(a)1s a SEM image representing a surface of
the untreated normal 1ndustrial aluminum, FIG. 11(b) 15 a
SEM 1mage representing micro-scale protrusions and depres-
s1ons of a sandblasted surface of aluminum, and FIG. 11{c) 1s
a SEM 1mage representing an anodized surface of porous
anodic alumina after sandblasting.

[0038] FIG. 12(a) 1s a SEM 1mage of sandblasted PTFE
replica, and FI1G. 12(b) 1s a SEM 1mage of superhydrophobic
PTFE replica replicated from the anodic aluminum oxide
template being anodized atter sandblasting.,

[0039] FIG. 13(a) 1s an 1mage 1llustrating a contact angle
135° on a surface of PTFE replica being treated with sand-
blasting, and FIG. 13(5) 1s an image 1llustrating a contact
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angle 165° on a surface of PTFE replica being treated with
anodization after sandblasting.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

[0040] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, sismply by way of illustration. As those
skilled 1n the art would realize, the described embodiments
may be modified 1n various different ways, all without depart-
ing from the spirit or scope of the present invention.

[0041] In the present invention, “micro-scale” size 1s
defined as a size in the range equal to or more than 1 um and
less than 100 um, and “nano-scale’ size 1s defined as a s1ze 1n
the range equal to or more than 1 nm and less than 1000 nm.
[0042] A surface processing apparatus of a solid body
includes a particle sprayer 10 for forming micro-scale protru-
sions and depressions on a surface of a metal body 13, an
anodic oxidation apparatus 20 for performing an anodic oxi-
dation process on the surface of the metal body 13, and a
replication apparatus 30 for performing a replication process
for forming a duplication corresponding to a surface shape of
the metal body 13 by immersing the metal body 13 1n a
non-wetting material 32.

[0043] The particle sprayer 10 sprays particles 11 with a
predetermined speed and pressure so that the particles 11
collide with the surface 13a of the metal body 13. The surface
13a of the metal body recerves impact energy by the collision
with the particles 11 and thus the surface 13a of the metal
body 13 i1s deformed. The particle sprayer 10 may be, for
example, a sand blaster spraying sand particles. Alternatively,
the particle sprayer 10 may be designed to spray metal par-
ticles. The metal body may be provided 1n the form of a metal
plate formed of aluminum, steel, copper, and the like. The
diameter of the particle used for the particle sprayer 10 may
be in the range from 350 pm to 180 um. By operating the
particle sprayer 10, micro-scale protrusions and depressions
can be formed on the surface of the metal body 13.

[0044] FIG. 2 1s a perspective view ol a metal body having
a surface provided with micro-scale protrusions and depres-
s1ons according to an exemplary embodiment of the present
invention. In FIG. 2, a portion of the surface 1s enlarged and
illustrated by a section.

[0045] Referring to FIG. 2, 1n the metal body having micro-
scale protrusions 15q and depressions 155, a height of each of
the protrusions 15qa, a depth of each of the depressions 155,
and a distance between the protrusions 15¢a, and the like may
be varied in accordance with a particle spraying speed and
pressure of the particle sprayer 10 and a size of the particle.
These parameters may be preset properly.

[0046] Except for non-wetting materials, a normal solid
such as metal or polymer 1s a wetting material having a
contact angle of 90°. When a surface of the metal body 1s
processed to have the protrusions 15a and depressions 1356
according to a surface processing method of an exemplary
embodiment of the present invention, the wettability of the
metal body 1s further enhanced.

[0047] FIG. 3 1saschematic diagram of an anodic oxidation
apparatus, illustrating an anodic oxidation process. Referring
to FIG. 3, the anodic oxidation apparatus 20 includes a main
body 21 provided with a receiving space for recerving the
metal body 13, electrolyte solution 23 stored 1n the main body
21, and a power source 25 for supplying cathode and anode
voltages to the metal body 13.
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[0048] The electrolyte solution 23 1s stored 1n a storing
space of the main body 21. The metal body 13 1s recerved 1n
the storing space. In this exemplary embodiment, the metal
body 13 1s formed of a conductive material such as aluminum.
In addition, a pair of the main bodies 13a and 135 are pro-
vided. However, the present invention 1s not limited to this
embodiment. For example, other conductive materials to
which electric power can be applied may be used for the metal
body. One of the metal bodies 134 and 135 1s applied with the
anode voltage from the power source 25 and the other is
applied with the cathode voltage from the power source 25.
By doing this, an anodic oxidation process for forming
nanometer-sized holes on the surface of the metal body 13 1s
performed.

[0049] Describing the anodic oxidation process in more
detail, the metal body 13 1s immersed 1n the electrolyte solu-
tion 23 contained 1n the main body 21. Here, sulfuric acid,
phosphoric acid or oxalic acid may be selectively used as the
clectrolyte solution 23 for the anodic oxidation process. Next,
one of the solid bodies 13a and 135 1s applied with the anode
voltage from the power source 25 and the other 1s applied with
the cathode voltage from the power source 25. Therefore, as
shown 1n FI1G. 4, an anode oxide portion 14 1s formed on the
surface of the metal body 10. When the metal body 13 1s
tformed of aluminum, alumina that 1s an oxide layer 1s formed
on the surface of the metal body 10. Nano-scale holes 17 each
having a nano-scaled diameter are formed 1n the anodic oxide
portion 13. The diameter and depth of the nano-scale hole 17
may be controlled by selecting the electrolyte solution and
controlling the applied voltage used for anodizing process.

The diameter of the nano-scale hole 17 may be 1n the range
from 35 to 200 nm.

[0050] Therefore, as shown 1 FIG. 5, the surface of the
metal body 13 1s provided with the micro-scale protrusions
15a and depressions 1356 that are formed through a process
using the particle sprayer 10 as well as the holes 17 that are
formed through the anodic oxidation process and have a
nanometer-sized diameter. FIGS. 6 A and 6B are SEM 1mages
of the surface of the metal body that 1s provided with the
nano-scale holes that are formed through an anodic oxidation
process. It can be noted from FIGS. 6 A and 6B that the holes
17 each having a nanometer-sized diameter are formed 1n the
surface of the metal body 13.

[0051] Themetal body 13 that are processed by the particle
sprayer and the anodic oxidation process are loaded in the

replication apparatus 30.

[0052] AsshowninFIGS.7and 8, the replication apparatus
includes a main body 31, a recerving portion 33 that 1s formed
in the main body to recetve the metal body 13 and non-wetting
polymer solution 32, and a cooling unit 35 that i1s arranged
along a side of the main body 31 to solidily the non-wetting
polymer solution 32.

[0053] The metal body 13 and the non-wetting polymer
solution 32 are recerved in the receiving portion 33. The
non-wetting polymer solution 32 may be selected from the
group consisting ol polytetrahluorethylene (PTFE), fluori-
nated ethylene propylene copolymer (PEF), perfluoroalkoxy
(PFA), and a combination thereof. The non-wetting polymer
solution 32 1s solidified to surround the metal body 13 in the
receiving portion 33. In order to easily solidily the non-
wetting polymer solution 32, cooling water flows along the
cooling unit 33.

[0054] When the non-wetting polymer solution 32 1s solidi-
fied, a hydrophobic polymer replica 18 1s formed as shown 1n
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FIGS. 9A to 9F. That 1s, when the non-wetting polymer solu-
tion 1s solidified in a state where the metal body 13 1s
immersed therein, the hydrophobic polymer replica 18 hav-
ing a shape corresponding to a shape of the surface of the
metal body 13 can be formed. Next, the metal body 13 and the
anodic oxide portion 14 are removed from the hydrophobic
polymer replica 18. When the metal body 13 1s formed of
aluminum and thus the anodic oxide portion 1s the alumina,
the metal body and the alumina can be removed through a
wet-etching process. Accordingly, replication of a surface
shape of the metal body 13 1s realized on the surface of the
hydrophobic polymer replica 18, thereby making 1t possible
to form a polymer solid body 19 having a superhydrophobic
surface with minimum wettability.

[0055] Therefore, the surface of the polymer solid body 19
1s provided with micro-scale protrusions 15a and depressions
156 as well as a plurality of nano-scale pillars 1956 each
having a diameter 1dentical to that of the nano-scale hole 17,
such that the polymer solid body 19 has a surface of dual-
scale structures.

[0056] In the present invention, the diameter of the nano-
scale pillar 195 1s 1n the range from 35 to 200 nm, since the
diameter of the nano-scale hole 17 1s 1n the range from 35 to
200 nm. Accordingly, the diameter ratio of micro-scale pro-
trusions and depressions 15 to nano-scale pillars 196 formed
on the surface of the solid body 19 1s 1n the range from 2350 to
5140, since the diameter of the particles sprayed from the
particle sprayer 10. When the diameter ratio is less than 250,
the micro-scale protrusions and depressions are unduly domi-
nant over the nano-scale pillars such that dual-scale structure
1s not represented on the surface of the solid body. When the
diameter ratio 1s more than 5140, the micro-scale protrusions
and depressions and the nano-scale pillars become similar
s1ze such that dual-scale structure 1s not represented on the
surface of the solid body.

[0057] The aspectratio of the nano-scale hole 17 may be 1n
the range from 3 to 10, more preferably, in the range from 3 to
7.5. The aspect ratio of the nano-scale hole 17 depends on the
anodizing time. When the aspect ratio 1s less than 3, the
characteristic of the nano-scale pillar replicated from the
nano-scale hole 17 1s weak and the micro-scale protrusions
and depressions are unduly dominant over the nano-scale
pillars such that dual-scale structure 1s not represented on the
surface of the solid body. When the aspect ratio 1s more than
10, the nano-scale pillars are stuck to each other due to adhe-
stve force by van der Waals’ interaction thereby counterbal-
ancing the characteristic of the micro-scale protrusions and
depressions.

[0058] In more detail, as shown in FIG. 9F, the polymer
solid body 19 includes a base 194 formed on at least partly the
surface thereof and provided with the micro-scale protrusions
and depressions. The protrusions 195 each having a nanom-
cter-sized diameter are formed on the base. The protrusions
195 are formed of a non-wetting polymer material. The non-
wetting polymer material may be selected from the group
consisting of polytetrahluorethylene (PTFE), fluorinated eth-
ylene propylene copolymer (PEP), perfluoroalkoxy (PFA),
and a combination thereof. FIGS. 10A and 10B are SEM
images of the solid body having the superhydrophobic sur-
face.

[0059] FIGS. 9A through 9D are wviews illustrating a
method of processing a replica according to an exemplary
embodiment of the present invention.
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[0060] The following will describe a method of processing
a replica with reference to FIGS. 9A to 9F. Throughout the
drawings, like reference numerals indicate like parts.

[0061] First, a spray nozzle 12 of the particle sprayer 10 1s
oriented toward the surface 13a of the metal body 13.

[0062] Next, the particle sprayer 10 1s operated to spray the
particles 11 to the surface of the metal body 13. Then, as
shown 1 FIG. 9B, the micro-scale protrusions and depres-
sions are formed on the surface of the metal body 13 as the
particles 11 collide with the surface.

[0063] Next, as shown 1n FIG. 9C, the surface of the metal
body 13 on which the micro-scale protrusions and depres-
sions are formed 1s treated through an anodic oxidation pro-
cess. By the anodic oxidation process, the nano-scale holes 17
are formed on the surface of the metal body 13. Theretore, the
surface of the metal body 13 1s provided with the micro-scale
protrusions 135a and depressions 155 that are formed through
a process using the particle sprayer 10 as well as the nano-
scale holes 17 that are formed through the anodic oxidation
process.

[0064] Next, as shown 1n FIG. 9D, the metal body 13 1s
immersed mto the non-wetting material 32 and the non-wet-
ting material 32 1s solidified. As the non-wetting material 32
1s solidified and changes to the hydrophobic polymer replica

18 1s formed.

[0065] Finally, as shown in FIG. 9F, the metal body 13 and
the anodic oxide portion 14 are removed from the hydropho-
bic polymer replica 18.

[0066] Theretfore, the protrusions 196 each having a diam-
eter 1dentical to the nano-scale diameter of each of the holes

17 formed on the surface of the metal body 13 are formed on
the surface of the hydrophobic polymer solid body 19. There-

tore, the polymer solid body 19 having the superhydrophobic
surface can be realized.

EXPERIMENTAL EXAMPLE

Preparation of Treated Al Surfaces and Replica

[0067] We began with industrial grade aluminum (99.5%)
sheets (50 mmx40 mmx1 mm). We prepared 500 mesh (1.e.,
50 um 1n diameter) sand particles. The sand particles are
¢jected from a nozzle using compressed air. The pressure of
the compressed air is 6 kgf/cm” and the sandblasting step is
reciprocated 20 times. After sand blasting, the aluminum
sheet 1s cleaned for next process by dipping 1n acetone for ten
minutes and rinsed with deionized water.

[0068] The next step 1s anodization, which was carried out
in 0.3 M oxalic acid solution. The sandblasted aluminum
sheet was used as the anode, and a tlat platinum sheet as the
cathode. The electrodes were about 5 cm apart. A potential
difference of 40 V-~ was applied by a computer-interfaced
power supply (Diagital Electronics Co., DRP-92001DUS).
The sandblasted aluminum sheet was anodized for 4 minutes.
During anodization the solution was maintained at a tempera-

ture o1 13° C. by a circulator (Lab. Companion, RW-0325G).

[0069] Thenext step 1s the replication. The nano-scale hon-
ceycomb structure (anodic aluminum oxide, AAO) was used as
the template material. To make a polymer replica, the dipping,
method was used with the mixed solution of PTFE (0.3 wt %)
and the solvent, which comprises a solution of 6 wt % PTFE
(Polytetrafluoroethylene, DuPont Teflon® AF: Amorphous
Fluoropolymer Solution) in the solvent (ACROS, FC-75).

The template was dipped 1nto the mixed solution, and cured at
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room temperature. During the curing process, the solvent of
the mixed solution was evaporated, and PTFE thin film
remained.

[0070] The final step 1s removal of the nano-scale honey-
combe template (AAO template). The aluminum layer was
removed 1n HgCl, solution. Residual porous alumina was
then removed 1n a mixture of 1.8 wt % chromic acid and 6 wt
% phosphoric acid at 65° C. for 5 hours.

Surface Characterization

[0071] The sessile drop method, which measures the con-
tact angle (CA) of a water droplet on a surface, was used to
characterize the wetting properties of the resulting micro/
nanostructures. A surface analyzer, DSA-100 (Kriiss Co.),
was used for the measurement. Steady-state contact angles
were measured using a 4 ul. deionized water droplet. At least
five different measurements were performed on different
areas ol each specimen at room temperature.

Topoaraphy of the Treated Al Surface and Replica

[0072] FIG.11(a)1sa SEM image representing a surface of
the untreated normal i1ndustrial aluminum, FIG. 11(b) 15 a
SEM 1mage representing micro-scale protrusions and depres-
s1ons of a sandblasted surface of aluminum, and FIG. 11(c¢) 1s
a SEM 1mage representing an anodized surface of porous
anodic alumina after sandblasting. Here, the anodizing was
carried out at 40 Vina 0.3 M oxalic acid solution at 15° C. for
4 minutes.

[0073] As shown in FIG. 11(¢), the surface exhibits nano-
scale hole (about 40 nm) structures with micro-scale random
roughness on the alumina surface. The depth of the hole 1s
about 350 nm, and the distance between the neighboring
holes 1s 100 nm. This anodizing process altered the sand-
blasted aluminum surface to the porous alumina surface,
which exhibits hierarchical structures, having nanostructures
on micro structures.

[0074] FIG. 12(a) 1s a SEM 1mage of sandblasted PTFE
replica, and FI1G. 12(b) 1s a SEM 1mage of superhydrophobic
PTFE replica replicated from the anodic aluminum oxide
template being anodized after sandblasting. No nano-scale
pillars exist in FIG. 12(a), but are present in FIG. 12(5). The
length of the pillars 1s about 300 nm.

Wetting Properties

[0075] FIG. 13 shows measured values of the contact angle.
The contact angle of the sandblasted PI'FE replica surface 1s
135°, as shown 1n FIG. 13(a). The intrinsic contact angle of
PTFE 1s 120°, so that the microscale roughness of the surface
increases the hydrophobicity. The sandblasted porous alu-
mina PTFE replica surface has a contact angle of 165° (FIG.
13(b)). These were average values of the measured contact
angle. The errors were less than 2°.

[0076] The water droplets on these dual-scaled modified
surfaces readily sit on the apex of the nanostructures, since air
f1lls the space of the microstructures under a water droplet. A
water droplet on these dual-scaled modified surfaces can not
penetrate 1nto the surface. We found that water droplets can
not fix on the PTFE replica surface stably. The nano-scale
pillars dramatically reduce the contact area between the water
droplet and the solid surface. This exhibits the superhydro-
phobic property.

[0077] While this invention has been described 1n connec-
tion with what 1s presently considered to be practical exem-




US 2010/0028615 Al

plary embodiments, it is to be understood that the invention 1s
not limited to the disclosed embodiments, but, on the con-
trary, 1s intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

1. A method of processing a hydrophobic surface, compris-
ng:

orienting a spray nozzle of a particle sprayer toward a

surface of a metal body;
operating the particle sprayer to form micro-scale protru-
stons and depressions on the surface of the metal body
by spraying particles on the surface of the metal body;

forming a plurality of nano-scale holes on the surface of the
metal body by treating the metal body with an anodic
oxidation process;

forming a replica by immersing the metal body 1n a non-

wetting polymer material and solidifying the non-wet-
ting polymer material; and

forming a superhydrophobic dual-scaled surface structure

having nano-scale pillars formed on the micro-scale pro-
trusions and depressions by removing the metal body
and an anode oxide from the replica.

2. The method of claim 1, wherein the spraying particles
have a diameter 1n the range from 50 pm to 180 um.

3. The method of claaim 1, wherein the nano-scale holes
have a diameter 1n the range from 335 nm to 200 nm.

4. The method of claim 1, wherein an aspect ratio of the
nano-scale holes are 1n the range from 3 to 10.

5. The method of claim 4, wherein the aspect ratio of the
nano-scale holes are 1n the range from 5 to 7.3.

6. The method of claim 1, wherein the non-wetting poly-
mer material 1s selected from the group consisting of PTFE
(Polytetrahluorethylene), FEP (Fluorinated ethylene propy-
lene copoymer), PFA (Perfluoroalkoxy), and a combination
thereof.

7. The method of claim 1, wherein the metal body 1s formed
of aluminum or an aluminum alloy.
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8. The method of claim 1, wherein the solid body 1s formed
of metal or polymer.

9. The method of claim 1, wherein the particle sprayer 1s a
sand blaster spraying sand particles.

10. The method of claim 1, wherein the particle sprayer 1s
designed to spray metal particles.

11. A solid body having a hydrophobic dual-scaled surface
having both nano-scale and micro-scale structure thereon
comprising;

a base formed on a surface of the solid body and provided

with micro-scale protrusions and depressions; and

a plurality of pillars each having a nano-scale diameter and
provided along the micro-scale protrusions and depres-
stons formed on the base.

12. The solid body of claim 11, wherein the diameter of the
nano-scale pillars 1s 1n the range from 35 nm to 200 nm.

13. The solid body of claim 11, wherein the aspect ratio of
the nano-scale pillars 1s in the range from 3 to 10.

14. The solid body of claim 13, wherein the aspect ratio of
the nano-scale pillars 1s in the range from 5 to 7.3.

15. The solid body of claim 11, wherein the ratio of diam-
cter of the micro-scale protrusions and depressions to the
nano-scale pillars 1s 1n the range from 250 to 5140.

16. The solid body of claim 11, wherein the pillars each
having a nano-scale diameter are formed of a non-wetting
polymer material.

17. The solid body of claim 11, wherein the non-wetting
polymer material 1s selected from the group consisting of
PTFE (Polytetrahluorethylene), FEP (Fluorinated ethylene
propylene copoymer), PFA (Perfluoroalkoxy), and a combi-
nation thereof.
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